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Abstract 



We present results of a search for a supernova (SN) component associated with GRB 100418A at the 
redshift of 0.624. The field of GRB 100418A was observed with FOGAS on Subaru 8.2m telescope under 
Q^' a photometric condition (seeing 0."3-0"4) on 2010 May 14 (UT). The date corresponds to 25.6 days after 

I \ the burst trigger (15.8 days in the restframe). We did imaging observations in V, i?c, and Ic bands, and 

O . two hours of spectrophotometric observations. We got the resolved host galaxy image which elongated 1"6 

> I (=11 kpc) from north to south. No point source was detected on the host galaxy. The time variation 

i of i?c— band magnitude shows that the afterglow of GRB 100418A has faded to Rc ^ 24 without SN like 

rebrightening, when we compare our measurement to the reports in GGN circulars. We could not identify 
any SN feature such as broad emission-lines or bumps in our spectrum. Assuming the SN is fainter than 
the 3(7 noise spectrum of our observation, we estimate the upper limit on the SN absolute magnitude 
, Af/c,obs > —17.2 in observer frame /c— band. This magnitude is comparable to the faintest type Ic SNe. 

' We also estimate host galaxy properties from the spectrum. The host galaxy of GRB 100418A is relatively 

l/^ \ massive (log Mi^jM^ = 9.54) compared to typical long GRB host galaxies, and has 12+log(0/H) = 8.75. 

' Key words: galaxies: abundances — gamma-ray burst: individual — supernovae: individual 

^' 

' 1. Introduction ble compact object binary, with longer duration than 

typical short GRBs (Gehrels et al. 2006; Ofek et al. 
Long gamma-ray bursts (GRBs) arc now considered 2007; Levesque & Kewley 2007; Gaito et al. 2009), while 
_ ^ to be death of massive stars (so called collapsar see- others point out similarities of these GRBs to other long 
' nario). The most convincing observational evidences have bursts which originate from collapsars (McBreen et al. 
;h ■ been associations with supernovae (SNe). Some associa- 2008; Thone et al. 2008; Xu et al. 2009). The possibil- 
tions were spectroscopically, others were photometrically, ity of new populations which are different from long and 
However, there is at least one long GRB, GRB 060614 short GRBs are also suggested for these GRBs (Gal- Yam 
(duration - 100 sec, Delia Valle et al. 2006; Fynbo et al. et al. 2006; Lu et al. 2008). The sample of long GRBs 
2006) whose SN component was not detectable to very with strong constraints on their SN components is still 
deep limits. GRB 060505 is also a Tgo > 2 sec burst with- small, and it is still uncertain what impact do the long 
out a detectable SN (Fynbo et al. 2006), although its du- GRBs without SNe have upon our understanding of the 
ration Tgo = 4 sec is close to the classical 2 sec threshold GRB populations. 

which separates the long and short populations of GRBs. Here we present results of a search for a SN component 
Various progenitor models have been proposed to ex- associated with GRB 100418A. GRB 100418A was trig- 
plain these events. Some suggested they are short GRBs, gered at 21:10:08 UT April 2010 (Marshall et al. 2010a). 
which are considered to originate in mergers of dou- The duration and the energetics of the prompt emission 



were Tgo = 8 ± 2 second and Ei,o = 9.9^? !? x 10^° erg 

* Based on data collected at Subaru Telescope, which is operated , i n ^ i nr,i i \ n ii ^ ' • r ii 

u M 1 A * ■ 1 r-,u J- r T (Marshall et al. 2011). l^oUow-up spectroscopies of the 

by the National Astronomical Observatory oi Japan. ^ ' t- 

t Present address: Division of Optical and IR Astronomy, Optical transient (OT) detected emission-lines and absorp- 

National Astronomical Observatory of Japan, 2-21-1 Osawa, tion lines with the common rcdshift of 0.624 (Antonelli et 

Mitaka, Tokyo al. 2010; Gucchiara & Fox 2010). Holland et al. (2010) 
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pointed out that the light curve of GRB 100418A is sim- 
ilar to previous GRBs with SNe. Marshall & Holland 
(2010b) reported flattening of the optical light curve after 
700 ks. 

Throughout this paper, we assume the fiducial cos- 
mology with the Hubble constant of 71 km s~^ Mpc~^, 
r^A = 0.73 and flm = 0.27. The angular scale is thus 6.8 
kpc/arcsec. We use the AB magnitude system unless oth- 
erwise stated. 

2. Observations and Reductions 

We observed the field of GRB 100418A with FOCAS 
(Kashikawa et al. 2002) on Subaru Telescope (lye et al. 
2004) under a photometric condition (seeing 0"3-0"4) on 
2010 May 14 (UT). We started imaging observations in 
V, Rc, and Ic bands at 12:13 UT, and spectroscopic obser- 
vations followed. The log of the observations is tabulated 
in table 1. We acquired a single exposure of 120 seconds 
in each of V, i?c, and Ic bands with 2x2 binning which 
yields pixel scale of 0"206/pixel. Unbinned i?c— band im- 
ages were also taken with 0."103/pixel. 

Spectroscopy was performed with 0."8 width slit and 3 
pixels binned along the spatial direction, and two different 
settings of grisms and order-cut filter. One setting covered 
a wavelength range between 5800 A and 10200 A with the 
R300 grism and the 058 order-cut filter, and the other 
covered between 3900 A and 8300 A with the B300 grism 
and no order-cut filter. The total integration time was 1 
hour (1200 sec x 3) for each of the setting. We used the 
atmospheric dispersion corrector, and set the slit position 
angle to 0.0 deg, i.e., north-south. The spectral resolution 
is ~ 11 A in both settings. 

The data were reduced using IRAF^ for the procedures 
of bias subtraction and flat-fielding. The spectra were 
wavelength calibrated, and sky subtracted. Wavelength 
calibration was performed using night sky emission lines 
for the red setting and ThAr arc lines for the blue setting, 
and the rms wavelength calibration error is 0.2-0.3 A. 
The sensitivity calibration was performed as a function 
of wavelength by using the spectrum of Fcigc 34 observed 
with 2" width slit. For imaging data, the fiux calibration 
was carried out by observing the standard star PG 1505- 
027 field (Stetson 2000) at the same night. 

The i?c— band image of 0."103 /pixel is shown in figure 1, 
and the observed spectra are shown in figure 2. These 
spectra are made by summing 2 "5 along the slit in order 
to include whole galaxy light. We found strong emission 
lines such as [Oil], H7, H/3, [Olll] which are redshifted 
0.624 consistently to the previous reports (Antonelli et al. 
2010; Cucchiara & Fox 2010). 

^ IRAF is distributed by the National Optical Astronomy 
Observatory, which is operated by the Association of 
Universities for Research in Astronomy (AURA), Inc., under 
cooperative agreement with the National Science Foundation. 




Fig. 1. The He -band image of the GRB 100418A host 
galaxy (unbinned, 0"103/pixel). The circles indicate local- 
izations of the optical counterpart in earlier epoch observa- 
tions by UVOT (Marshall et al. 2011, red solid) and GROND 
(Filgas et al. 2010, blue dashed), respectively. The slit po- 
sition for our spectroscopy is shown with vertical lines. A 
colored version of the figure is available in the online journal. 

3. Constraints on the Associated Supernova 

3.1. Time Variation of Broad-Band Magnitudes 

We detected the host galaxy which has been catalogued 
in Sloan Digital Sky Survey (SDSS) as g = 22.89 ±0.17, 
r = 22.41 ±0.16, i = 21.94 ±0.17 (Malesani 2010). The 
host galaxy is resolved in our images. It elongates lf'6 
(=11 kpc) from north to south. A bright spot locates 
at the southern tip of the galaxy. The size of this bright 
spot is 0"47 FWHM while stars' FWHMs are 0."32. The 
spot is clearly extended and not a point source. The aper- 
ture photometry of the host galaxy gives V = 22.61 ±0.06, 
Rc = 22.10 ± 0.03, and Ic = 21.80 ± 0.05. Our i?c-band 
magnitude is consistent to that reported by Rumyantsev 
& Pozanenko (2010a), i? = 22.06 ± 0.06 at 26.0 days after 
the burst. 

Time variation of i?— band magnitude between 5 and 54 
days after the burst is shown in figure 3, together with the 
g, r, and z— band magnitudes in the SDSS catalog (pre- 
burst) and those at 25.6 days after the burst. The g, r, 
and i— band magnitudes at 25.6 d {g = 22.95, r = 22.40, 
and i = 21.98 with photometric errors < 0.01 mag) are 
calculated from our spectrum of the host galaxy following 
the equation (3) in Smith ct al. (2002). The i?-band 
time variation shows smooth decline of afterglow expect 
one datapoint with large error bar at 19.1 days after the 
burst. SN like rebrightening is not recognizable. 

The g, r, and band magnitudes calculated from the 
FOCAS spectrum are consistent to SDSS pre-burst mag- 
nitudes. However, it should be noted that i?^— band mag- 
nitude is 0.13 mag fainter when calculated from the spec- 
tra than that in the aperture photometry, possibly due 
to loss of light at the slit. The spectrum is still con- 
sistent to the pre-burst magnitudes within SDSS pho- 
tometric error when 0.13 mag slit loss correction is ap- 
plied, however it is systematically brighter in all of the 
three bands. Rumyantsev & Pozanenko (2010b) reported 
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Fig. 2. The observed spectrum of the GRB 100418A host galaxy. 



Table 1. Observation logs 



UT date 


time after the burst 


filter 


exposure time 


midpoint of exposures 


(days) 




(sec) 


14.50969 


25.62765 


Rc 


120 


14.51178 


25.62974 


Ic 


120 


14.51388 


25.63184 


V 


120 


14.51705 


25.63501 


(Unbinucd) Rc 


120 X 2 


14.56639 


25.68435 


300R+O58 


1200 X 3 


14.57130 


25.68926 


300B 


1200 X 3 
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Fig. 3. The time variation of broad-band photometry in 
GRB 100418A optical follow up observations (afterglow, host 
galaxy, and potential supernova). The open symbols for 
g, r, and i— band indicates the correction for the possible 
slit loss. We collect data points other than our observation 
from the GCN circulars (Bikmaev et al. 2010a; Bikmaev et 
al. 2010b; Malesani 2010; Perley et al. 2010; Rumyantsev & 
Pozanenko 2010a; Rumyantsev &; Pozancnko 2010b; Volnova 
et al. 2010). A colored version of the figure is available in the 
online journal. 

i?= 22.25 ±0.07 at 54.0 days after the burst, which is 0.15 
mag fainter than our photometry at 25.6 d. Thus it is pos- 
sible our image and spectrum contains small fraction of af- 
terglow (and potential supernova) light, although no point 
source is detected on the host galaxy as described above. 
We compare the calculated i— band magnitude with the 
SDSS photometry after the slit loss correction, and ob- 
tain upper limit on the OT, M^^obs > —19.1 (95% limit, 
afterglow plus potential supernova). Note that observer 
frame z— band covers ^ 4200-5300 A in the restframe. 

3.2. Bright Spot Spectrum 

The OT position reported by Filgas et al. (2010) and 
Marshall et al. (2011) corresponds to the brightest spot of 
the host galaxy (figure 1). To search SN features in our 
spectra, we extract spectrum of the brightest part (0"9) 
of the host galaxy which corresponds to the error circles 
of the OT localization. The 0."9 spectrum is shown in the 
top panel of figure 4. The spectrum is 30 pixels binned 
along the wavelength {— 40.2-40.5 A in observerframe), 
in order to increase signal to noise ratio (S/N). The 0."9 
spectrum shows no SN feature like broad emission-lines 
or bumps. We subtract a stellar spectral energy distri- 
bution (SED) model of the host galaxy (see §4) from the 
0"9 spectrum. Because the SED model is fitted to the 
whole galaxy spectrum, it is scaled 75% to match the 0."9 
spectrum. The subtracted spectrum is shown in the bot- 
tom panel of figure 4, together with 3cr noise spectrum. 
Although it is possible that the afterglow and the SN af- 
fect the SED model, and our spectra suffers from residulals 



Fig. 4. Top panel: the observed spectra at the brightest Of'9 
of the host galaxy. Bottom panel: the model subtracted 0."9 
spectrum (thick histogram) compared to 3cr noise spectrum 
(thin histogram). 

of OH sky lines showing larger fluctuation than expected 
from the noise level, it shows no broad feature (^ 200 A) 
above the 3a noise. Thus we estimate upper limit of the 
SN light assuming it is fainter than the 3ct noise spectrum. 

Spectrum of a SN (Lx) peaks at 5000-5500 A in its rest- 
frame, and hence band magnitude is popularly used 
to discuss SN brightness at lower redshifts. However our 
spectrum suffers from strong OH sky lines in higher-end 
of the restframe 1^— band (^ 9000 A in observer frame, 
see figure 2), and S/N is poor. Instead, we calculate con- 
straint on the SN component in observer frame /c— band 
which also covers restframe 5000-5500 A, and consider it 
is comparable to T^— band magnitudes of other SNe at 
lower redshfits. We note that the line-of-sight extinc- 
tion of GRB 100418A within its host galaxy is small, 
E{B — V) = 0.056, based on X-ray afterglow spectrum 
(Marshall et al. 2011). The 3cr noise spectrum is equiva- 
lent to absolute magnitude M/c, obs = —17.2 after corrected 
for the extinction (figure 5). 

4. Properties of the Host Galaxy 

Wc perform SED fitting using SEDfit software package 
(Sawicki 2012; Yabe ct al. 2009), which utilize population 
synthesis models Bruzual & Chariot (2003) and the ex- 
tinction law by Calzetti et al. (2000). After corrected for 
the Milky Way extinction E{B -V)= 0.072 (Schlegel et 
al. 1998), the spectrum is converted to magnitudes in 8 
bands shown in figure 6, collected from both of the blue 
and red settings of the spectroscopy avoiding wavelength 
range where detector sensitivity is poor and/or OH sky 
line is strong. Stellar metallicity is assumed to be Zq for 
consistency with the emission line diagnostic discussed be- 
low. However, we note that the results with 0.2Zq model 
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Fig. 5. Constraint on SN component associated with 
GRB 100418A. Observer frame j— band limit from broad-band 
photometry (afterglow -|- SN), and observer frame /c— band 
limit from the 3a- noise spectrum (SN only) is compared to 
V— band light curves of broad lined type Ic SNe in literature 
(Galama et al. 1998; Mazzali et al. 2002). 



Table 2. The results of SED fitting. 



log 




age [Gyr] 




-y) 


9.54 


+0.28 
-0.03 


7.1-8.1 


0.38: 


K).U6 1 o 1 
-0.09 ^"^-^ 



is not significantly different. We examine seven cases of 
star formation history: simple stellar population (SSP), 
constant star formation, and exponentially decaying star 
formation with t= 10"'^, 10~^, 0.1, 1, and 10 Gyr, among 
which SSP provides best fit. 

We find that the SED model reproduces our spectrum 
with parameters listed in table 2 [the initial mass function 
(IMF) of Salpeter (1955) is assumed]. The best fitting 
SED model is shown in figure 6. As discussed in §3.1, our 
spectrum may be contaminated by GRB afterglow. We 
also try SED fitting subtracting afterglow model from our 
spectrum, however the results are similar to the case with- 
out afterglow subtraction. The assumed afterglow model 
is that the late time spectral index of GRB 10041 8 A af- 
terglow /3 ^ 1.15 (Marshall et al. 2011), and the flux in 
i?— band is — 6.8 x 10"'^° erg s~^ cm^ Hz^^ which is 
derived from the difference between the i?— band magni- 
tudes at 25.6 d and 54.0 d (see figure 3). The results of the 
afterglow subtracted SED fitting is included in the errors 
shown in table 2. 

We measure metallicity of the host galaxy using emis- 
sion line diagnostics. We perform linear continuum plus 
single gaussian fit to each line, after subtracting the best 
fit SED model (figure 6) from observed spectrum, to 
minimize the effect of stellar absorption features such as 
Balmer absorption lines. The best fit SED is obtained as- 
suming stellar metallicity Zq , but using SED model with 



0.2 Zq does not make significant difference. The result- 
ing line fluxes are listed in table 3. The H/3/H7 ratio is 
consistent to zero extinction, thus we assume there is no 
reddening on emission lines except that in the Milky Way. 

We use the R23 method described in Kobulnicky & 
Kewley (2004), which gives two solutions of possible 
metallicity (upper and lower branch). 

12 + log(0/H),pp,, = 8.75 
12 + log(0/H)i_„ = 7.94 

Nagao et al. (2006) found [Ne III] 3869/ [Oil] 3727 line 
flux ratio correlates with metallicity, and thus can be 
used as a indicator to separate these two solutions. 
They showed that galaxies with 12-flog(0/H) > 8.65 
have log [Ne lll]3869/[0 ll]3727 < -1.1, while galaxies 
with 12-hlog(0/H) < 8.05 have log [Nelll]3869/[Oll]3727 
> -0.79. The host galaxy of GRB 100418A has 
log [NeIIl]3869/[Oll]3727 = -1.23, which suggests that 
the upper branch solution is the case. 

There are several emission line diagnostics proposed to 
measure metallicity, and their results arc not always con- 
sistent to each other (e.g. Kewley & Ellison 2008). We 
note that metallicities discussed in Nagao et al. (2006) 
is measuered using the Tremonti et al. (2004) method 
for high-metallicity galaxies, and the electron tempera- 
ture method (Izotov et al. 2006) for low-metallicity galax- 
ies. However, the difference between the results of the 
Kobulnicky & Kewley (2004) method and that of the 
Tremonti et al. (2004) method is small in high-metallicity 
range, and the Kobulnicky & Kewley (2004) method tends 
to result in higher-metallicity in low-metallicity range 
compared to other methods (Kewley & Ellison 2008). 
Hence the difference between the metallicity calibration 
we use and that used in Nagao ct al. (2006) would not 
confuse the separation of the two branches. 

We also estimate star formation rate (SFR) of the host 
galaxy from the emission line flux. Following H/3-SFR 
relation used in Savaglio et al. (2009) in which the IMF of 
Baldry & Glazebrook (2003) is assumed, SFR of the host 
galaxy is 1.88 Mq/ji', or 3.38 Mq/ji- when rc-scalcd with 
the Salpeter IMF which is consistent to the stellar mass 
measured in the SED fitting. The specific SFR 0.98 Gyr"! 
is typical of long GRB host galaxies with log A/^^/M© ~ 9.5 
(Savaglio et al. 2009). 

5. Discussion 

We have presented the results of the search for SN com- 
ponent associated with GRB 100418A, with FOCAS on 
Subaru telescope. Both imaging and spectroscopic obser- 
vation show no evidence of SN. Comparison of our i— band 
magnitude to pre-burst data in SDSS catalog puts upper 
limit on afterglow plus SN luminosity, M^^obs > —19.1. 
Our spectrum shows no SN feature above noise level. 
Assuming that the SN is fainter than the noise level, we 
estimate the upper limit on the SN to be M/c,obs > — 17.2 
(4400-5500 A in the restframe). This limit is about 4 
magnitude brighter compared to the case of GRB 060505 
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Table 3. The emission line fluxes of GRB 100418A host galaxy [10~^^ erg s~^ cm~^]. 



[Oil] 3727 


[Ne III] 3869 


H7 


H/3 


[0 lll]4959 


[0 III] 5007 


log O32 


log i?23 


25.1±0.2 


1.49±0.16 


4.30±0.10 


9.10±0.18 


7.48±0.12 


22.4±0.2 


0.0757 


0.781 




Fig. 6. The best fit SED model (thick black line) is com- 
pared to observed spectrum (thin light-colored line), and 
corresponding band magnitudes to which the fitting is per- 
formed. The observed spectra is taken from the blue setting 
spectroscopy below 4150 A, and from the red setting above 
(light-blue and pink in colored version). A colored version of 
the figure is available in the online journal. 

and GRB 060614 at z - 0.1, due to higher redshift of 
GRB 100418A {z = 0.624) and brightness of the host 
galaxy. However, it is still comparable to faintest type Ic 
SNe including SN 2002ap which is the faintest broad lined 
type Ic SN ever observed (Drout et al. 2011; Richardson 
2009; Mazzah et al. 2002). 

We have also estimated properties of the host galaxy 
of GRB 100418A. The resuhs of the SED fitting and the 
emission line diagnostic show that the host galaxy has 
larger stellar mass and higher-metallicity than majority of 
long GRB host galaxies at z < 1.0 (figure 7). It is notable 
that among three long GRBs with significant limit on 
their SN component, two bursts occurred in galaxies with 
12-Hlog(0/H) > 8.6 (GRB 060505 and GRB 100418A). 
The other one burst GRB 060614 occurred in a very faint 
galaxy (Gal- Yam et al. 2006), and metallicity of the host 
galaxy is not measured. 

de Ugarte Postigo et al. (in prep.) reports possible 
detection of the SN component of GRB 100418A at 28 
days after the burst, which is faint and agrees with our 
upper limit. The possible SN association suggests that 
GRB 100418A maybe originate from a collapsar. If their 
possible detection is a real event, the SN associated with 
GRB 100418A is the faintest SN associated with a GRB 
(Richardson 2009), except another possibly detected SN 
associated with GRB 101225A (Thone et al. 2011, but see 



Fig. 7. The stellar mass and the metallicity of the host 
galaxy of GRB 100418A (red square). Stellar mass and metal- 
licity of host galaxy of GRB 060505 (Levesque & Kewley 
2007; Thone et al. 2008, magenta circle), and other GRB 
host galaxies at 2 < 1.0 (Levesque et al. 2010, blue crosses) 
are plotted together. Mass-metallicity relation of field galax- 
ies at redshfit 0.1 and 0.7 is shown for comparison (Savaglio 
et al. 2005). All metallicities are calibrated with the method 
of Kobulnicky & Kewley (2004), and stellar masses are re-s- 
caled with the Salpeter IMF. A colored version of the figure 
is available in the online journal. 

also Campana et al. 2011). 

The specific SFR of the host galaxy of GRB 100418A 
is comparable to other long GRB host galaxies suggesting 
collapsar origin of this burst, while short GRBs occur in 
galaxies with lower specific SFR than host galaxies of long 
bursts (Berger 2009). However, it should be noted that 
a short GRB (XRF) 050416 occurred in a galaxy with 
similar and SFR to the host galaxy of GRB 100418A 
(Soderberg et al. 2007). 

In figure 8, we show the spectral peak and the isotropic 
equivalent gamma-ray energy of GRB 100418A (Marshall 
et al. 2011) together with those of GRB 060505, 060614 
and other GRBs at z < 1.0 whose host galaxies are metal 
rich. GRB 100418A and 060614 agree with the Epea.k- 
E^^iso relation of long GRBs by Amati (2006), while 
GRB 060505 is in upper-left of the relation where most 
short bursts reside (Amati et al. 2007). A caveat on this 
plot is that the i?peak of GRB 100418A is calculated in 
Marshall et al. (2011) using a relation between photon in- 
dex in Swift Burst Alert Telescope and Epcak (Sakamoto 
et al. 2009), which is not tested against short GRBs. Thus 
some observational features suggest GRB 100418A origi- 
nates from a collapsar, however none of them are conclu- 
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sive. 

The sample of long GRBs without bright SNe and long 
GRBs in high-mctallicity galaxies is still very small, and 
it is difficult to draw robust conclusions on their nature. 
However, localization of a long GRB without a bright 
SN in a high-metallicity galaxy suggests some interesting 
possibilities. If long GRBs without observable SNe orig- 
inate from collapsars similarly to GRBs with hypernove, 
many of which occur in low-metallicity galaxies. The pos- 
sible high-metallicity environments of long GRBs with- 
out SN features suggest environmental effect on explosion 
scenario in which a coUapsar produce no observable SN 
(e.g., a collapsar with a fallback SN, Woosley & Weaver 
1995; Iwamoto et al. 2005; Moriya et al. 2010). However, 
it should be noted that metallicity of GRB host galaxies 
maybe systematically different from that of direct envi- 
ronments of GRBs (Niino 2011). 

Tominaga et al. (2007) suggested that GRBs associ- 
ated with hypernovae and GRBs without SN features 
belong to a continuous population, predicting the ex- 
istence of GRBs associated with sub-luminous or faint 
SNe with the ^^Ni mass - IO-^-IO'^Mq. The limit 
on the SN associated with GRB 100418A based on the 
noise spectrum corresponds to 15% of the luminosity 
of SN 1998bw at the peak of its light curve (figure 5). 
Assuming that the mass of ^^Ni in SN cjecta is propor- 
tional to the luminosity of the SN, the mass of ^^Ni ejected 
from GRB 100418 A is < 10" ^Mq (the ^^Ni mass ejected 
from GRB 980425/SN 1998bw is - O.5Af0, Iwamoto et al. 
1998; Nomoto et al. 2001). In the jet-induced hypernova 
models by Tominaga et al. (2007), the ejected amount of 
^^Ni is smaller if the jet formation is slower so that the 
ram pressure of the jet is lower. 

If the long GRBs without observable SNe occur from 
non-coUapsar origin, many of the long GRBs that occur 
in high-metallicity galaxy may be non-collapsar GRBs. 
In the five GRBs whose host galaxies have spectroscopi- 
cally measured metalhcity 12-|-log(0/H) > 8.6 at z < 1.0, 
two are without SN component to significant limit, and 
the other three don't have confirmed SN component. 
Considering the claimed low-metallicity preference of the 
collapsar model (Yoon & Langer 2005; Woosley & Heger 
2006; see, however. Fryer et al. 2007), these observations 
suggests significant contamination of non-collapsar orig- 
inate events [e.g., GRBs originates in merger of double 
compact object binary, so called short GRBs or Type I 
GRBs (Zhang et al. 2009)] in the sample of Tgo > 2 sec 
GRBs in high-metallicity galaxies, and possibly also those 
events in low-metallicity galaxies. 
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